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Description 

This is a continuation-in-part application of U.S. application Ser.No. 421 ,444, filed October 13. 1 989, which is incor- 
porated by reference. The present invention relates to erythropoietin isoforms or mixtures thereof, to the methods for 
the preparation of specific isoforms or mixtures thereof, to pharmaceutical compositions comprising such isoforms or 
mixtures thereof, and to methods of treatment utilizing such isoforms and compositions. 

Background of the Invention 

Erythropoietin is a glycoprotein hormone involved in the maturation of erythroid progenitor cells into erythrocytes 
It is essential in regulating levels of red Wood cells in circulation. Naturally occurring erythropoietin is produced by the 
liver during fetal life and by the kidney of adults and circulates in the Wood and stimulates the production of red Wood 
cells in bone marrow. Anemia is almost invariably a consequence of renal failure due to decreased production of eryth- 
ropoietin from the kidney. Recombinant erythropoietin produced by genetic engineering techniques involving the 
expression of a protein product from a host cell transformed with the gene encoding erythropoietin has been found to 
be effective when used in the treatment of anemia resulting from chronic renal failure. 

Until recently, the availability of erythropoietin has been very limited. Although the protein is present in human urine, 
excreted levels are too low to make this a practical source of erythropoietin for therapeutic use. Patients suffering from 
aplastic anemia exhibit elevated levels of urinary erythropoietin relative to healthy individuals, but limited supplies of this 
urine also make such a source impractical. The purification of human urinary erythropoietin by Miyake et al. in J. Biol. 
Chem., 2§2, 5558 (1977), used, as starting material, urine from aplastic anemic individuals. 

The identification, cloning, and expression of genes encoding erythropoietin are described in U. S. patent 
4,703,008 to Lin. A description of the purification of recombinant erythropoietin from cell medium that supported the 
growth of mammalian cells containing recombinant erythropoietin plasmids for example, is included in UL S. patent 
4,667,016 to Lai et al. The expression and recovery of Wologically active recombinant erythropoietin from mammalian 
cell hosts containing the erythropoietin gene on recombinant plasmids has, for the first time, made available quantities 
of erythropoietin suitaWe for therapeutic applications. In addition, knowledge of the gene sequence and the availability 
of larger quantities of purified protein has led to a better understanding of the mode of action of this protein. 

The biological activity of a protein is dependent upon its structure. In particular, the primary structure of a protein 
(i.e., its amino acid sequence) provides information that allows the formation of secondary (e.g. a helix or p-sheet) and 
tertiary (overall three^iimensional folding) structures by a polypeptide during and after its synthesis. The disruption of 
proper secondary and tertiary structures by the introduction of mutations or by chemical or enzymatic treatments can 
result in a reduction in biological activity. 

In procaryotic organisms, the biological activities of proteins are largely governed by the structures described 
above. Unlike proteins from procaryotic cells, many cells surface and secretory proteins produced by eucaryotic cells 
are modified with one or more oligosaccharide groups. This modification, referred to as glycosylation, can dramatically 
affect the physical properties of proteins and can also be important in protein stability, secretion, and subcellular local- 
ization. Proper glycosylation can be essential for biological activity. In fact, some genes from eucaryotic organisms 
when expressed in bacteria (e.g., E cpJQ which lack cellular processes for glycosylating proteins, yield proteins that are 
recovered with little or no activity by virtue of their lack of glycosylation. 

Glycosylation occurs at specific locations along the polypeptide backbone and is usually of two types: O-linked oli- 
gosaccharides are attached to serine or threonine residues while N-linked oligosaccharides are attached to asparagine 
residues when they are part of the sequence Asn-X-SerHhr, where X can be any amino acid except proline. The struc- 
tures of N-linked and O-linked oligosaccharides and the sugar residues found in each type are different. One type of 
sugar that is commonly found on both is N-acetylneuraminic acid (hereafter referred to as sialic acid). Sialic acid is usu- 
ally the terminal residue of both N-linked and O-linked oligosaccharides and, by virtue of its negative charge may con- 
fer acidic properties to the glycoprotein. 

Both human urinary derived erythropoietin and recombinant erythropoietin (expressed in mammalian cells) having 
the amino acid sequence 1-165 of human erythropoietin contain three N-linked and one O-linked oligosaccharide 
chains which together comprise about 40% of the total molecular weight of the glycoprotein. N-linked glycosylation 
occurs at asparagine residues located at positions 24, 38 and 83 while O-linked glycosylation occurs at a serine residue 
located at position 126 (Lai et al. J. Biol. Chem. 2fil 3116 (1986); Broudy et al. Arch. Biochem. Biophys. 329 
(1988)). The oligosaccharide chains have been shown to be modified with terminal sialic acid residues. Enzymatic 
treatment of glycosylated erythropoietin to remove all sialic acid residues results in a loss of in vivo activity but does not 
affect in vita activity (U>wy et al. Nature 185, 102 (1960); Goldwasser et al. J. Biol. Chem. 249. 4202 (1974)) This 
behavior has been explained by rapid clearance of asialoerythropoietin from circulation upon interaction with the 
hepatic asialoglycoprotein binding protein (Morrell et al. J. Biol. Chem. 24& 155 (1968); Briggs. et al. Am. J. Physiol 
22Z. 1385 (1974); Ashwell et al. Methods Enzymol. 50, 287 (1978)). Thus, erythropoietin possesses in YJYQ biological 
activity only when it is sialylated to avoid its binding by the hepatic binding protein. 
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The role of the other components in the oligosaccharide chains of erythropoietin is not well defined. rt has been 
shown that non-glycosylated erythropoietin has greatly reduced in Yjvo_ activity compared to the glycosylated form but 
does retain in yjta activity (Dordal et al. Endocrinology U& 2293 (1 985); Lin patent, supra). In another study, however, 
the removal of N-linked or O-linked oligosaccharide chains singly or together by mutagenesis of asparagine or serine 
residues that are glycosylation sites sharply reduces in yjfro activity of the altered erythropoietin that is produced in 
mammalian cells (Dube et aJ. J. Biol. Chem 2e», 17516 (1988)). 

Glycoproteins such as erythropoietin can be separated into different charged forms using techniques such as iso- 
electric focusing (IEF). Several parties have reported IEF studies of crude and partially purified erythropoietin prepara- 
tions (Lukowsky et al., J. Biochem 50, 909 (1972); Shelton et al. Biochem Med. 12, 45 (1975); Fuhr et al. Biochem. 
Biophys. Res. Comm. 23. 930 (1981)). At most three or four fractions having erythropoietin activity were distinguished 
by IEF in these studies and none were characterized with respect to carbohydrate content. In addition, no correlation 
between the isoelectric points of the fractions and their biological activity was made. 

During the purification of urinary erythropoietin from human urine discussed in Miyake et al. supra, two erythropoi- 
etin fractions from hydroxylapatite chromatography designated II and IIIA were reported to have the same specific activ- 
ity. A subsequent carbohydrate analysis of fractions II and IIIA revealed that fraction II had a greater average sialic acid 
content than fraction IIIA (Dordal et al. supra). 

It is an object of the present invention to provide separated and isolated isoforms of erythropoietin having a defined 
sialic acid content and biological activity. Pharmaceutical compositions containing such molecules would have thera- 
peutic benefit 

Summary o f the Invention 

The subject invention relates to erythropoietin isoforms. Also provided is a method of preparing an erythropoietin 
isoform comprising the steps of subjecting purified erythropoietin to preparative isoelectric focusing, and eluting a sin- 
gle isoform from the gel. Pharmaceutically acceptable compositions comprising erythropoietin isoforms are also pro- 
vided. This invention also relates to methods of increasing hematocrit levels in mammals comprising administering a 
therapeutically acceptable amount of these compositions to increase production of reticulocytes and red blood cells. 

The subject invention relates to a method of preparing a mixture of erythropoietin molecules having greater than or 
alternatively less than a predetermined number of siaJic acids per molecule comprising subjecting material containing 
erythropoietin to ion exchange chromatography. Also comprised by the subject invention is a method of preparing a mix- 
ture of erythropoietin molecules having greater than or alternatively less than a predetermined number of sialic acids 
per molecule comprising subjecting a material containing erythropoietin to chromatofocusing. 

Brief Description of the Drawings 

Figure 1 shows an analytical isoelectric focusing gel of the separate recombinant erythropoietin isoforms. Gel lanes 
1-11 show isoforms ranging from less acidic (higher pi) in lane 1 to more acidic (lower pi), in lane 11. Purified 
recombinant erythropoietin containing a mixture of isoforms 9-14 is also shown in the far left and right lanes of the 
gel. 

Figure 2 shows the relationship between the number of sialic acids per erythropoietin isoform and the in yjyo. spe- 
cific activity of each isoform expressed as units per mg of erythropoietin polypeptide. In Figure 2A, the concentra- 
tion of each erythropoietin isoform was determined by the Bradford protein assay; in 2B, the concentration was 
determined by absorbance at 280 nm, in 2C, the concentration was determined by RIA. 
Figure 3 shows an analytical isoelectric focusing gel of defined mixtures of recombinant erythropoietin isoforms 
prepared by anion exchange chromatography under different conditions. Gel lanes 1-6 represent, respectively, 
erythropoietin isoforms eluted in a high salt wash after washing the Q-Sepharose fast flow column with 150 mM 
acetic acid, pH 4.7, 150 mM acetic acid (unbuffered), 200 mM acetic acid, pH 4.7, 250 mM acetic acid, pH 4.7, 300 
mM acetic acid, pH 4.7 or 300 mM acetic acid (unbuffered). Purified recombinant erythropoietin containing a mix- 
ture of isoforms as obtained using procedures described in Example 2 of Lai et al., supra , except that DEAE-Aga- 
rose chromatography is replaced by Q-Sepharose chromatography, is also shown in the far left lane of the gel. 
Figure 4 shows the separation of erythropoietin isoforms 8 to 12 achieved by subjecting cell conditioned medium 
applied to a column of Q-Sepharose to a gradient of decreasing pH and increasing ionic strength. Aliquots of even 
numbered fractions from Fraction 2 to Fraction 40 were subjected to analytical isoelectric focusing. Purified recom- 
binant erythropoietin containing a mixture of isoforms obtained using procedures described in Example 2 of Lai et 
al. supra, except that DEAE-Agarose chromatography is replaced by Q-Sepharose chromatography, is also shown 
in the far left lane of the gel. 
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Detailed Description of the Invention 

According to the present invention, erythropoietin isoforms are provided. Isoelectric focusing (iEF) separates pro- 
teins on the basis of charge. When placed in a pH gradient and subjected to an electric field, proteins will migrate to the 

s point at which they have no net charge and remain there. This is the isoelectric point (pi) of the protein. Each distinct 
band observed on IEF represents molecules that have a particular pi and therefore the same overall charge, and is 
termed an isoform. The term "erythropoietin isoform" as used herein refers to erythropoietin preparations having a sin- 
gle pi, and having the same amino acid sequence. 

In a preferred embodiment the erythropoietin is the product of the expression of an exogenous DNA sequence that 

io has been transfected into a non-human eucaryotic host cell, that is, in a preferred embodiment the erythropoietin is 
"recombinant erythropoietin". Recombinant erythropoietin is advantageously produced according to the procedures 
described in commonly owned Lin U.S. Patent 4,703,008 hereby incorporated by reference. Recombinant erythropoie- 
tin is advantageously purified according to the general procedures described in Example 2 of commonly owned Lai et 
al. U. S. Patent 4,667,016 hereby incorporated by reference, or alternatively the procedure described in Example 2 

is wherein DEAE-Agarose chromatography is replaced by Q-Sepharose chromatography. In the Q-Sepharose column 
modification. 55 mM NaCI replaces 25 mM NaCI in the buffer solution used to bring the column to neutral pH, and 140 
mM NaCI replaces 75 mM NaCI in the buffer solution used to elute erythropoietin from the column. This material, when 
analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis, migrates as a single species (i.e. band). When 
purified erythropoietin is subjected to IEF, multiple bands in the gel are apparent, indicating that different charged forms 

20 of the glycoprotein are present. 

It has been found that discrete isoforms of recombinant erythropoietin having the amino acid sequence of urinary 
derived human erythropoietin correspond to erythropoietin molecules having from 1-14 sialic acids, and each isoform 
present in purified recombinant erythropoietin has an io yjvo_ activity which is related to the number of sialic acids the 
isoform possesses. The term "erythropoietin", as used herein, includes naturally occurring erythropoietin, urinary 

25 derived human erythropoietin as well as non-naturally occurring polypeptides having an amino acid sequence and gly- 
cosylation sufficiently duplicative of that of naturally occurring erythropoietin to allow possession of in vivo biological 
properties of causing bone marrow cells to increase production of reticulocytes and red blood cells. 

Crude preparations of erythropoietin have many isoforms but material purified for example, as in the Lai et al. pat- 
ent supra Example 2, contains predominantly six isoforms when analyzed by IER In addition, at least one additional iso- 

30 form of greater acidity has been detected using the chromatographic procedures described in Example 4. (This more 
acidic form, migrating at >14 sialic acids on an IEF gel may contain nonsialic acid negative charges as shown by the 
resistance of some of the charge to sialidase digestion). These isoforms differ from each other by sialic acid content. 
As shown in the Examples, this is demonstrated by isolating 10 of these isoforms by preparative IEF and determining 
the sialic acid content of five of them. Of the isoforms assayed for sialic acid content, it is found that the five isoforms 

35 contained either 9, 1 0, 1 1 . 1 2 or 1 3 sialic acid residues. 

There is a relationship between the relative in yjyo specific activity of erythropoietin and number of sialic acid resi- 
dues per erythropoietin molecule from the isoforms 5 through 1 1 (each isoform is designated herein by the number of 
sialic acids per erythropoietin molecule). Isoforms 1 1 through 14 have approximately the same relative in vivo specific 
activity. Isoforms 5-14 are assayed for in yjyo activity by the exhypoxic polycythemic mouse bioassay and the amount 

40 of each isoform present is determined by Bradford protein assay, absorbance at 280 nm or by radioimmunoassay (RIA) 
for erythropoietin. RIA determinations (Egrie et al. Immunobiology 172, 213, (1 986)), expressed as units/ml, are divided 
by 212,770 units/mg erythropoietin polypeptide, the average specific activity of purified erythropoietin as determined by 
RIA, to give protein concentrations of isolated isoforms or isoform mixtures expressed as mg erythropoietin polypep- 
tide/ml. As shown in the Examples, the relative in yjve specific activities increase step-wise from isoform 5 to isoform 

45 11 (see Table 2). 

The in vivo specific activities referred to herein are measurements of relative in vivo specific activities and are not 
measurements of absolute in yjy& specific activities. For the purposes of this application, the specific activities are used 
only to compare relative activities of isoforms that have been assayed using the same assay, using the same conditions 
including the same internal standard, the same type of animals, having the same analysis of the data used to calculate 

so specific activity, the same assay for determining protein content It is not intended that any in yjya specific activity value 
reported for any isoform represents an inherent or absolute value for that isoform. 

The subject invention provides erythropoietin isoforms. The specific isoforms of erythropoietin obtained in accord- 
ance with the present invention, and their properties, may vary depending upon the source of the starting material. For 
example, the isoforms of urinary derived human erythropoietin are different than the isoforms of recombinant erythro- 

55 poietin. In a preferred embodiment, the invention relates to an erythropoietin isoform having a specific number (i.e. a 
fixed number greater than 0) of sialic acids per erythropoietin molecule, said number selected from the group consisting 
of 1-14. Advantageously said number is 9, 10, 11, 12, 13, or 14. In another embodiment, said number is greater than 
1 4, advantageously 1 6-23. 

This invention also provides compositions comprising two or more erythropoietin isoforms. In one embodiment the 
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compositions comprise a mixture of isoforms having greater than a predetermined number of sialic acids per erythro- 
poietin molecute. eg greater than 1 1 sialic acids per erythropoietin molecule, or greater than 12 sialic acids per mole- 
cule. e.g. a mature of inform 12. 13 and 14. In another embodiment the compositions comprise mixtures of isoforms 
having a predetermined number of sialic acids per erythropoietin molecule, eg. leas thanT but greatefthanls,^ 
^Z^S^ 3 miXtUfe * iSOfWmS ^ and 1 1 . The invention also provides for colons 
of er^opaetin ,soforms wherein the relative amounts of the isoforms are the same or different. For exanpleTmixture 
of isoforms 9 . 10 and 1 1 could have the isoforms present in a variety of ratios such as 1 :1 :1 . 2:3:1 oT^rJi 

, i iT^f* 51 * the C ° mpOSit0ns com P rise mixtures °* "ess than four isoforms. for example a mixture of isoforms 
11. 12. and 13. or a mixture of 12 and 14. or a mixture of 7 and 13. 

Inorder to produce mixtures of erythropoietin isoforms. this invention also provides methods of isolating selected 
erythropoietin isoforms simultaneously. These methods include isolation of individual isoforms by techniques such as 
n^ a lr,!?w focus,n9 . or w™*n of mixtures of isoforms having a predetermined number of sialic acids 
All of these techniques have as their basis the separation of proteins accoiding to charge 

mnrJSS^ ^J^^g'^V and chromatofocusing involve application of either crude human eryth- 
S ? Z a) ° r J? Ur,,,ed material 10 a co,umn resin under «"**»• that permit binding of some or 
to i^taJSS; 'HTV ? "2 1** ^ "* hn " BliBB Preparations. ■ * Preferable to apply the protein 
2JII £T?£^ P 2 6 P f ,6d preparations ,he P ro,ei " «» ^ applied to the column at pH 7 down to 
about pH 4. Afte washing the column with buffer at about pH 4. those erythropoietin isoforms that remain bound on the 
ion exchange column are eluted by increasing the pH and the salt concentration of the buffer or by applying a gradient 
of decreasing pH and ,ncreasing ionic strength at about pH 4. For chromatofocusing. the isoforms are eluted from the 
column by a gradient of decreasing pH or by washing the column with a high concentration of salt 

l"° ne ^?°^ iment J!? e invention re,ates t0 "^aton (eg.. Chinese Hamster Ovary. CHO) host cells which pref- 

2 SSr"- 7T ,6 f " havi " 9 flreater *» n a number - •* Skater than 1 0 sialic acids per 

SSftSTTT r leCU ' eS ^ N ""' nted ° r °-' inked ""BosaocharideB structures which can limit the sialic acid 
vSrfourl^i.TSL ,e I aan,ennar y (^-branched) N-finked oligosaccharides most commonly pro- 

w I J ^1 J° S ' allC aad attacnmerrt bi - and triantennary oligosaccharide chains, which can substitute 
o^T 3t "Wtoe-linted ^s. commonly have at most only two or three sialic acids attached 

f S rK, , e 1 S , C °T 0n,y PrWide h "° Sit8S ,0r Sia,iC add attachment - erythropoietin molecules oan 
accommodate a total of 14 sialic aad residues provided all three N-linked oligosaccharides aretetraantennary Mam- 

™*2 Ca " ; «*— are * *« cells that preferentially add tefraantennary chains to recomb^TeryZ- 

poiehn. thereby maximizing the number of sites for sialic acid attachment 

oata^/SS? ^T^f ^ Ufinary ^"ropoietin «*W sialic add in both an a 2.3 and an a 2.6 linkage to 
SSSSfS^ ?'°L Chem - ^ 3657 < 1988 »- Wy *e sialic acid in the a 2.3 linkage is added to 

SeTl 3 branch^T ° ' 6 ^ ^ h *" ° 23 ^ is added to the 9 atectos ° on the man- 

£f ! • Jd f 7" 6 ym6S M ■* these aalic ackte (P^a'actoside a 2.3 sialyttransferase and p-galactoside a 
^^transferase) are most efficient at adding sialic acW to the n,anr^e a 1.6 arrtmannosea 1.3 bra^hes^L 

. ho HOfT 1 **, redUCt t S0 (DHFR) defiCient Chinese Hamster ^ < CHO > cells are a commonly used host cell for 
the production of recombinant glycoproteins including recombinant erythropoietin. These cells do not express the 
^ 9 /f« ! a 2.6 siafyKransferase and therefore do not add sialic acid in the a 2.6 linkage to Si 

^TSr™ 9 ^^'?o n T i n Ced *"* Ce " S - (MutSaere 61 al - Eur J - Biochem ' 651 (1986); Takeuchi et 
friL^ZTT^ JF-, 07 (1 ^! 7)) - Cons ^ uen,| y- recombinant erythropoietin produced in CHO cells lacks sialic acid 

^"J^XS? 68 {S T* It (1 ^. 7)l MB: TakeUChi e,aL (1987 >- ««■> ^ embodiment of tne 
EnKT??^« erythropoietin used to produce the isoform is made in CHO cells that are transfected with a func- 

Ti^ ■ 2 't S ! aly " ransferase 9ene 10 incorporation of sialic acid in a 2.6 linkage to galactose. See 

tTiii?S?T *t 3848 (1989)> hefeby incor P° rated b * refe ^a. for a disclosure of Techniques for creat- 
ing modified CHO cells or other mammalian host cells. 

hnmflf 0 J? l0Sed fc by . the . ' men *° n arS Certai " anal09S 01 human erythropoietin. As used herein the phrase "analog of 
Si SJT * • e rv«hropoietin with one or more changes in the amino acid sequence of human eryth- 

ropoiebn which result in an increase in the number of sites for sialic add attachment. Analogs are generated by site- 
ducted mutagenesis having additions, deletions, or substitutions of amino add residues that alter sites that are avail- 
able for glycosylation Such analogs have a greater number of carbohydrate chains than human erythropoietin 
rnJ^ /T V in " eased 1 bi0l0 9 ic al activity are constructed by increasing the sialic acid content of the eryth- 
ropoKrtn molecule. Analogs having levels of sialic acid greater than that found in human erythropoietin are generated 

2.1^ * ^ 4,16 ° r ,ertery ^rnation requireX botogioal acivrty 

Advantageously the analog of human erythropoietin has 1 . 2 or 3 additional sites for N-glycosylation or O-gJcosylation 
For example a leucine at position 69 is replaced by an asparagine to give the sequence Asn-Leu-Ser. which serves as 
a fourth site for N-glycosylation. Such a change can commonly provide up to four additional sialic acids per molecule 
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Examples of other changes that generate adcfrtional N- or O-gfycosylation sites are alanines at positions 125 and 127 
to asparagine and serine, respectively, alanine at position 125 to threonine and alanines at positions 124 and 125 to 
proline and threonine, respectively. As will be appreciated by those skilled in the art. the disclosure includes many other 
analogs of human erythropoietin having additional sites for glycosylate. 

Also comprehended by the invention are pharmaceutical compositions comprising a therapeutically effective 
amount of a specific isoform or mixture of isoforms together with a suitable diluent, adjuvant and/or carrier useful in 
erythropoietin therapy. A "therapeutically effective amount- as used herein refers to that amount which provides thera- 
peutic effect for a given condition and administration regimen. The administration of erythropoietin isoforms is prefera- 
bly by parenteral routes. The specific route chosen will depend upon the condition being treated. The administration of 
erythropoietin isoforms is preferably done as part of a formulation containing a suitable carrier, such as human serum 
albumin, a suitable diluent, such as a buffered saline solution, and/or a suitable adjuvant The required dosage will be 
in amounts sufficient to raise tiie hematocrit of patients and will vary depending upon the severity of the condition being 
treated, the method of administration used and the like. 

The following examples are offered to more fully illustrate the invention, but are not to be construed as limiting the 
scope thereof. The erythropoietin standard used in the in yjvg bioassays employed in the Examples is a recombinant 
erythropoietin standard that was standardized against a partially purified urinary erythropoietin standard. Thus only rel- 
ative m yjyo specific activities are being measured. Also the in vivo specific activities are expressed in "units/ml" 
un,te/mg" and units/A^o" and not as "lUAnl", "lU/mg" and IU//W. because the erythropoietin standard employed has 
not been directly correlated to any existing international standard. 

Example 1: Isolation o f Recombinant Erythropoietin Isoforms 

Recombinant erythropoietin is produced as described in Un. supra. Recombinant erythropoietin used as starting 
material for the first and third isoform isolations is purified according to the procedure described in Example 2 of com- 
monly owned Lai et al., supig. Starting material for the second and fifth isoform isolation is purified according to Lai et 
al. supm using the modification of Q-Sepharose chromatography. These preparations contain a mixture of isoforms of 
recombinant eryfhropoietin having the same amino acid sequence as urinary derived human erythropoietin and contain 
predominantly isoforms 9 to 14. Starting material for the fourth isoform preparation is the material which elutes during 
the 5 mM acetic ac.d/1 mM glycine/6M urea wash of the anion exchange column in Example 2 of Lai et al This fraction 
containsisoforms with less than or equal to 9 sialic acids and was further purified by gel f ittration chromatography as 
described in Example 2 of Lai et al. prior to use in the preparative isoelectric focusing procedure. The sixth isoform 
preparation used as its starting material a purified preparation of recombinant erythropoietin having from 4 to 13 sialic 

/T*" 65 «^' S ma,6rial Purified as per Example 2 * ^ * al - for a "^cation to the ion exchange column 
(elution of the recombinant erythropoietin with a sodium chloride gradient at pH 8.4 and omission of the acetic acid/urea 
wash) which results in retention of most of the isoforms present in the starting material 

i ^«™ 9 ^ nt P^ 3 '' 0 " 5 of individual isoforms are carried out by preparative isoelectric focusing in a granulated 
gel bed (Ultrodex, LKB) essentially as per LKB Application Note 198. Pharmalyte (Pharmacia) 2.5-5 ampholytes (Phar- 
macia) are used and the gel bed contains 5 M urea. 

In the first preparation, approximately 20 mg of recombinant erythropoietin in 6.8 ml of 20 mM sodium citrate/ 100 
mM sodium chloride. pH 7.0 are applied to the gel and focused at 8 watts for approximately 16 hours. After isoelectric 
focusing, theisoform bands in the gel are visualized by a paper contact print of the gel bed. The print is made and then 
fixed by soaking in 3 changes (approximately 10 minutes each, room temperature) of fixing solution (40% metha- 
nol* acetic aod/10% TCA/3.5% sulfosalicylic acid), subjected to one change (approximately 10 minutes) of 40% 
mettranol/10% acetic acid (30-60«C). stained for 15 minutes at 60»C in 0.125% Coomassie Blue R-250/40% metha- 
nol/10% acetic acid, and then destained in 7.5% methanol/10% acetic acid in order to visualize the separated isoforms 
The region of the granulated gel bed containing the isoforms (-50% of the resin) is removed, water is added (-16 ml) 
and the slurry is poured into a 5.5 x 24.5 inch tray and evaporated to -40 g net weight This preparation is focused for 
a second time and a contact print of the gel bed is made as before. The portion of gel containing each of the six dis- 
cernible isoforms is removed from the gel bed. 

In order to elute the isoforms from the gel. a solution containing 10 mM Tris-HC1. pH 7.0/5 mM Chaps is added to 
each .soformto generate a slurry. The slurries are placed in small columns and washed with the Tris-Chaps buffer The 
flow throughs are collected and applied separately to small columns (open column configuration) containing Vydac C4 
reversed phase resin equilibrated in 20% ethanol/10 mM Tris-HCI, pH 7.0. The columns are developed stepwise with 
20% ethanol/10 mM Tris-HCI. pH 7.0. 35% ethanol/10 mM Tris-HCI, pH 7.0. and 65% ethanol/10 mM Tris-HCI pH 7 0 
The fraction eluting at 65% ethanol/10 mM Tris is diluted 1 :1 with 10 mM Tris-HCI, pH 7.0 and subjected to concentra- 
tion and then buffer exchanged to 10 mM Tris-HCI, pH 7.0 using a Centricon-10 (Amicon) microconcentrator. Analytical 
isoelectric focusing of this preparation is performed essentially as described in LKB technical note 250 using Servalyte 
3-5 amphdines (Serva) in a polyacrylamide gel containing 5 M urea. 

In a second preparation, approximately 26 mg of recombinant erythropoietin in 6.5 ml of deionized water are 
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applied to the gel and focused at 2.5 watts for 35 minutes and 10 watts for approximately 17 hours. The bands of 
focused protein, which are visible in the gel bed. are removed as 1 1 different pools Each doJ fe^ZhMo Z^ . 
mi wHh defon.ec. water and 20 ml of each of the resulting poo. su^n^^J^ S^Sa^s 
ng as described above. To each of the pools is added 5 ml of 1 .5 M Tris-HCI. pH 8.8 and the 

ot 0.5 m Tns-HQ, P H 7 and the nnse solution is combined with the flow through. The eluants are concentrated and 

SS a oSSlS?'?! We,9W Sf°f a ^ e COncentra,ed 80lufa » (approodmateV 0.5 ml) are then 
passea tnrougn a 0.22 micron cutoff cellulose acetate fater. Based upon analytical isoelectric fon^inn fh«/rw^ 
,o found to contain predominantly the single isoforms 10, 11. 12. 13 and14 ■ s ° el «*'c focusing, five pools are 

♦h '"J ^ re ^ rati °"' appf0xima,ely 30 of recombinant erythropoietin in 21.8 ml of distilled water is aoolied to 
USE? ?ff a l 2 1"** 8 for 25 minU,es ' 10 watts for 20 hours an^5 watts forts ^P^n^T^rt 

devices having a 10.000 daton molecular weight cutoff. An analytical isoelectric taSZS S£ S 
taming predominantly the single isoforms 9. 10. 11. 12. 13 and 14 were obtained revealed that pools con- 

dP^i^thTfp Pr ? arati0n 35 itS Startinfl material «*w>Pototh containing isoforms 3-9 (prepared as 
described above* Pnor to preparatve isoelectric focusing carried out essentially as described for P re3on7l 3 
above, the ampholytes (Pharmalyte 2.5-5) were pre-fractionated in a Rotofor (Bio-Rad Richmond ilo 

. ^ T5 0Ut b/ miXi " 9 67 mL 01 Pharma, y te 25 - 5 with 15 9 * ^ and S^pSSS^r 
to bnr^ the volume to 50 mL This mixture was fractionated in the Rotofor at 10 Watts TC foril ThoSnoO i M 

measured pHs of between 4.5 and approximately 6 were used in the flat-bed isoelectric techno 

CenS?^^ 

^''^f v J*?" 9 ? * e reS0,tin9 P 00 ' 8 Sh0wed ,hem t0 isofoLsTs.B " and I uSZSJ ran^ 
several bands, indicating that it may have undergone some degradation 

proc^n^SS^r^ ^ by 0< 3 P**^ step to the flat bed isoelectric focusing 

and 14 were eluted from the gel bed and separated from the ampholytes by ultraf ittration using 9 cScTn- 10 (im^ 
The pre-focusing modification was undertaken to make the ultraviolet absoibance characteristics of th« inform 

cnntS^if 1 ^ tt l! s,artin 9 ma,erial ,or Preparation #6 was a recombinant erythropoietin preparation 
S f°^ rmS ^ 13 " Th9 amph ° | y tes w * r « Pre-focused in the Rotofor apparatus as per ftltartTiSSST 
Ampholyte tractors having measured pHs of between 3.7 and 4.8 were usedTttie f u f!£feo3ertfc focSo S 

Example 2: Sialic Acid Content of R^m hinam Erythro p oietin Isnfnrmy 

The isoforms isolated as described in Example 1 and erythropoietin purified acceding to procedures described in 
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La. et al^ea (mixture of eoforms 9 to 14) are buffer exchanged into 0.1(H). 15 M sodium chloride and analyzed for 
sahc aad content by a modification of the procedure of Jourdian et at. J. Biol. Chem. 24fi. 430 (1971) The sialic acid 
rescues aredeaved from the glycoproteins by hydrolysis with 0.35 M sulfuric acid at 80»C for 30 minutes and the sdu- 
^r:^? J S ° diU,n p * r 10 3nalysiS * to estimate the amount of erythropoS 

ITlL Sf^ Pr ° te,n < ^^ S8y (Bl- ? rt ^ Bi0Chem - 2. 248 (1976)) using recombinant erythropoietin Ling 
JZ ^ s «J"ence of human erythropoietin as standard is performed using the assay reagerts and the micro- 

^in P T^ e ,T ed * ^ Rad - ^ ieSUSte ' eXpreS56d 35 of ** ac « 5 P* of erythropoietin. aJ 
shown n Tablel. Isoforms are designated according to the number of sialic acids per molecule and rangefrom least 
aod,c : (Isoform 9) to most acidic (Isoform 13). Isoforms 9-13 are shown in gel lanes 6-10 of Figure 1 . cStiTofS 

tZ ^pp 0 meaSUfe the aCkS COn,ert - The Sialic acid content 01 iso, °™ inferred 

from its nugrabon on IEF gels relative to other isoforms. The sialic acid content of isoforms 5-8 (preparation #4) has not 
been measured but is likewise inferred from their migration on IEF gels. 



is TABLE 1 



ERYTHROPOIETIN 
ISOFORM 


MOLES SIALIC 

ACID/MOLE 
ERYTHROPOIE- 
TIN 


Isoform 13 


12.9 ± 0.5 


Isoform 12 


11.8 + 0.2 


Isoform 1 1 


11.010.2 


Isoform 10 


9.8 ± 0.3 


Isoform 9 


8.9 ±0.6 


Isoform Mixture (9-14) 


11.3±0.2 



Example 3: Activity of Re combinant Erythropoietin Isnfnrm* 



40 



45 



anH ^ e B ^t ms *? lated as described in Exam P ,e 1 are assayed by absorbance at 280 nm. by Bradford protein assay 
and by RIA for erythropoietin to determine the amount of recombinant erythropoietin present The exhypoxte S 

2r C n m °^L bi0a ^ y (COteS 61 aL Nature m 1065 < 1961 » fe used todeSrrtne the Sative 
ZZSST? of erythropoietin protein present using a radioimmunoassay for er^opdS- 

duced results having h.gher relative in vivp. specific activity for certain isoforms because of an apparent decreased 

cT-Z^* 80 ^ C ° mainin ? ' ar9e am ° UntS 01 SialiC acid ,eadin ° to 30 underesttmationSne erythropoiS 
c^centraton and thus an overesbmation of the relative in yjyo. specific activity tor the most negative isoforms Mouse 

^n iSS ft ST •"•"P*"" P 01 ^* ™«« specific activities are shown in Table! 

mJ JScLl nUmber 01 ,nde Pe"dent isoform preparations which contribute to the specific activity value. In 
S^^ST^ m , T^T 6 Perf0rmed ° n 6aCh iS ° form P re P arati °"- The same in vS data contribute to th e 
2£S p2 ? IT fof 3,1 three COlumns ' ""^ erythropoietin polypeptide was determined by the absorb- 
ance at 280 nm from radioimmunoassay potencies, or from Bradford protein assay results. Purified recombinant eryth- 
ropoietin containing isoforms 9-14 was used as the standard in the Bradford protein assay, "n", Wb^eTte fte 

so ^yTr^ 

The relative specific activities expressed as units/mg erythropoietin polypeptide can be converted to units/A h« 
multiplying by 0.807 mg erythropoietin polypeptide/A^ The coTersionSs de^ ^5£* StSSS 
55 coeftaent of erythropoietin (1.345 mg/A 280 ) by the protein content of the erythropoietin glycopSSaSuTeo?^ 

SS," ST 9 P ^ yPePMe ' m9 erythr °P° let,n = 0 807 "9 polypeptide/A 280 ). In addition, specif ic activities 
expressed as unrts/mg erythropoietin polypeptide can be multiplied by thefactor 0.60 mg polypeptide/mg erythroooietin 
glycoprotein to g.ve specific activities expressed as units/mg erythropoietin glycoprotein ypepm&m9 ^^'^ 
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TABLE 2 



ISO- 

form 


U/mG Polypeptide 
(Braarora rrotein Assay) 


n 


U/mG Polypeptide 
(From A280) 


n 


U/mG Polypeptide 
(From HI A) 


n 


14 


289,400 ±3,100 


2 


205.800 1 37,700 


2 


366,700 1 55,900 


2 


13 


307 600 ± 30 600 

ww w |WWW — wv|www 


4 


258 700 + 59 500 


5 


337 200 1 40 200 


5 


12 


275,200 1 55.600 


4 


258.400 1 41,700 


5 


287,700 1 42,600 


5 


11 


282,700141,100 


3 


255.800 1 67,300 


4 


251.400162,700 


4 


10 


188,00011.900 


1 


170,30)134,500 


3 


171,900131,600 


3 


9 






96,600 1 46.700 


2 


113,600139,600 


2 


8 


65.200 1 3,800 


1 


70.600 1 4,100 


1 


61.000 1 3,500 


1 


7 


46.20015.800 


1 


50,300 1 6,300 


1 


42,800 1 5,400 


1 


5 


16,60011,700 


1 


18.30011,900 


1 


15,50011,600 


1 



20 

The data in Table 2 are also presented graphically in Figures 2A, 2B and 2C. These data show that the relative in 
vivo activity of erythropoietin increases as a function of sialic acid content up until isoform #11. Isoforms 11-14 have 
essentially the same relative in vivo, bioactivity. (This is most apparent when the concentration of isoform 14 is 

25 expressed using the Bradford assay value. The Bradford value may be more accurate for isoform 14 because of the 
generally low levels obtained and the resulting difficulty in determination by and the most apparent decreased 
reactivity in the RIA of very negative forms discussed previously). The greater relative in viyp. specific activity of eryth- 
ropoietin isoforms having more sialic acid is most likely due to a longer circulating half-life of these forms. Isoforms 9 
and 13 were labeled with radioactive iodine ( 125 l) and their rate of clearance in rats was determined. The half-life in cir- 

30 culation was significantly longer for isoform 13 than for isoform 9. 

Example 4: Selection of Recombinant Erythropoietin Isoform Mixtures by O-Sepharose Chromatography 

Cell conditioned media from the production of recombinant erythropoietin according to the procedures described 

35 in Lin, supra are concentrated and diafiltered against 10 mM Tris, pH 7.2. Protein concentration is determined by the 
Bradford microprotein assay using bovine serum albumin as a standard. 1 9.6 ml of the solution containing 40 mg of total 
protein is made 20 \M in CuS0 4) filtered through a 0.45 micron cutoff filter and loaded onto a 4 ml bed volume (1 .05 cm 
height x 2.2 cm diameter) column packed with Q Sepharose Fast Row (Pharmacia) which has been equilibrated with 
10 mM Tris, pH 6.8 to 7.0 at 4°C. After sample application, the column is washed with two column volumes of the same 

40 buffer. The column flow rate is about 1 ml/min. Six separate columns are set up using this procedure to select defined 
erythropoietin isoform mixtures. 

Columns are washed with 6 to 9 column volumes of a low pH buffer consisting of: Column #1 , 150 mM acetic acid, 
1 mM glycine, 20 jiM CuS0 4 , 6 M urea adjusted to pH 4.7 with NaOH; Column #2, 200 mM acetic acid, 1 mM glycine, 
20 \iM CuS0 4 , 6 M urea adjusted to pH 4.7 with NaOH; Column #3, 250 mM acetic acid, 1 mM glycine. 20 uM CuS0 4 , 

45 6 M urea adjusted to pH 4.7 with NaOH; Column #4, 300 mM acetic acid, 1 mM glycine, 20 uM CuS0 4 , 6 M urea 
adjusted to pH 4.7 with NaOH; Column #5, 150 mM acetic acid, 1 mM glycine, 20 uM CuS0 4 , 6 M urea; Column #6, 
300 mM acetic acid, 1 mM glycine, 20 tiM CuS0 4 , 6 M urea. The pH of the columns is increased to approximately pH 
7 by washing each one with 8 to 1 1 column volumes of 10 mM Tris-HCI, 55 mM NaCI, 20 uM CuS0 4 , pH 7. The defined 
erythropoietin isoform mixtures are eluted from the columns by washing with 10 mM Tris-HCI, 140 mM NaCI, 20 uM 

50 CuS0 4 , pH 7.0. 

The eluted isoform pools from each column are concentrated and solvent exchanged into water using an Ami con 
Centricon-1 0 microconcentrator. The results of analytical isoelectric focusing of these concentrated pools are shown in 
Figure 3. Gel lanes 1-6 represent defined erythropoietin isoform mixtures eluted from column 1,5,2,3,4 and 6 respec- 
tively. The "isoform mixture" shown in the far left gel lane of Figure 3 represents cell media which is applied to a Q- 
55 Sepharose column as described above, the column is washed with 5 mM acetic acid. 1 mM glycine, 20 jiM CuS0 4 , 6M 
urea, and the erythropoietin isoform mixture is eluted from the column using the procedures described above. This 
eluted mixture of isoforms is further purified according to the procedures described in Lai et al., supra prior to analytical 
isoelectric focusing. 
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EXamP ' e 5: SafliaOifeO of Recombinant Erylhrrmietin Isoforms j fcinn a , ~, pH Cradle nn P-^^ 

^ ""! n °^ ,erpr0CedUre - en^^etin isoforms are separated using a gradient of decreasing pH and increasina ionic 
strength The concentrated diaf iftered erythropoietin containing media is loaded to a column Z alepha^Ta^ So 

mM TrsHCI. pH 7.0 and then approximately 10 column volumes of 2 mM acetic acid/1 mM olycine/20 uM CuSO « m 

SSI 2EST^ 1 T" P*— and erythropoietin isoforn^C^n^L 

matefy 7 sialic art rescues. Isoforms containing from approximateiy 8 to approximately 12 sialic acTdsTre^teSrSn 
the column us^ng a gradient starting at approximately 2 mM acetic acid in^M urea/1 mM gJcinSo JJSso S 

to the ™iS r h J? ^ 01 the ,raCti0ns are to analytical isoelectric focusing to rnon- 

?S !Tf 6 4 5h ° WS the separation of 'SofOfms 8-1 1 which may be achieved by this procedure Isofo^i 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 " aCtive i , eryth T ietin isoform "aving a single isoelectric point and having a specific number 

of snbc ac.ds per erythropoietin molecule, said number being selected from the group consisting of 1 to 14 

" nS^ 

3 - sssss ^T^stusr isoform - — 

4. An erythropoietin isoform according to Claim 1 having 14 sialic acids per erythropoietin molecule. 

5. AnerythropoietinisoformaccordingtoClaiml having 13 sialic acids per erythropoietin molecule. 

6. An erythropoietin isoform according to Claim 1 having 10 sialic acids per erythropoietin molecule. 

7. An erythropoietin isoform according to Claim 2 wherein said eucaryotic host cell is a CHO cell. 

9. A composition consisting essentially of two or three erythropoietin isoforms according to Claim 1. 
10 " p\?rrS^ 

^T^SZZ 10 * naving 9 . 10 and 11 sialic 

^c^l7ec a u?e° rdin9 10 C,aim 9 C ° nSiStin9 6SSential,y 01 «*«*■»*■ having greater man 1 1 sialic 

13. Aj»n^itionasinC^ 

14 ' SSS? COn f' Sti ? 9 eSS6ntia,ly * biol °S ical| y active erythropoietin molecules having an identical number of 
sahc acids per molecule, said number being selected from the group consisting of 1 to 14 
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15. Erythropoietin according to Claim 14 having 14 sialic acids per erythropoietin molecule. 

16. Erythropoietin according to Claim 14 having 13 sialic acids per erythropoietin molecule. 

17. Erythropoietin according to Claim 14 having 10 sialic acids per erythropoietin molecule. 

1 8. Erythropoietin according to Claim 1 4 wherein said molecule is the product of the expression of an exogenous DNA 
sequence in a non-human eucaryotic host cell. 

19. Erythropoietin according to Claim 13 wherein said erythropoietin has the amino add sequence of human erythro- 
poietin. 

20. A pharmaceutical composition comprising a therapeutically effective amount of erythropoietin of Claim 14 and a 
pharmaceutically acceptable diluent adjuvant or carrier. 

21 . A method of preparing an erythropoietin isoform according to Claim 1 comprising the steps of: subjecting a purified 
erythropoietin to preparative isoelectric focusing, and eluting a single isofbrm from the gel. 

22. A method of preparing a mixture of erythropoietin isoforms having a predetermined number of sialic acids per mol- 
ecule, said number being greater than 1 1 , comprising subjecting material containing erythropoietin to ion exchange 
chromatography. 

23. A method of preparing a mixture of erythropoietin isoforms having a predetermined number of sialic acids per mol- 
ecule, said number being greater than 1 1 , comprising subjecting a material containing erythropoietin to chromato- 
foc using. 

24. The composition according to Claim 9 for use in a method of increasing hematocrit levels in mammals. 

25. A method for obtaining an erythropoietin composition having a predetermined number of scalic acids per molecule 
comprising preparing a mixture of two or more erythropoietin isoforms according to claim 1 . 

26. The method of Claim 25 wherein said mixture consists essentially of at least two isoforms having less than 12 sialic 
acids per molecule. 

27. The method of Claim 26 wherein said mixture consists essentially of erythropoietin isoforms having 9. 10 and 1 1 
sialic acids per molecule. 

28. The method of Claim 25 wherein said mixture consists essentially of at least two isoforms having greater than 1 1 
sialic acids per molecule. 

29. The method as in Claim 28 wherein said mixture consists essentially of erythropoietin isoforms having 13 and 14 
sialic acids per molecule. 

Claims for the following Contracting States : ES, GR 



1. 



A method of preparing a biologically active erythopoietin isoform, which method comprises isolating a biologically 
active erythropoietin isoform having a single isoelectric point and having a specific number of sialic acids per eryth- 
ropoietin molecule, said number being selected from the group consisting of 1 to 14. 

2. A method according to Claim 1, wherein said isoform is produced by the expression of an exogenous DNA 
sequence in a non-human eucaryotic host cell. 

3. A method according to Claim 1 , wherein said isoform comprises erythropoietin having the amino acid sequence of 
1 -1 65 or 1 - 1 66 human erythropoietin. 

4. A method according to Claim 1 , wherein said isoform has 14 sialic acids per erythropoietin molecule. 

5. A method according to Claim 1 , wherein said isoform has 13 sialic acids per erythropoietin molecule. 
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6. A method according to Claim 1. wherein said rsoform has 10 sialic acids per erythropoietin molecule. 

7. A method according to Claim 2. wherein said eucaryotic host cell is a CHO cell. 

8. A method of preparing a pharmaceutical composition, which method comprises combining a therapeutically effec- 

9. A method of preparing erythropoietin, which method essentially comprises preparing biologically active ervthropoi- 
SnSriTo^ toT m mmber " Sia,iC aCidS Per m ° leCU,e - number ^'"9 sel «** from the group 



1 0. A method according to Claim 9. in which there are 14 sialic acids per erythropoietin molecule. 
is 11. A method according to Claim 9, in which there are 13 sialic acids per erythropoietin molecule. 

12. A method according to Claim 9. in which there are 10 sialic acids per erythropoietin molecule. 

13. A method according to Claim 9. wherein said molecule is produced by the expression of an exogenous DNA 
X sequence is a non-human eucaryotic host cell. 

14. A method of preparing a pharmaceutical composition, which method comprises combining a therapeutically effec- 
e^tSantoS^ 



25 



15 " 

erythropoietin to preparative isoelectric focusing, and eluting a single isoform from the gel. 

so 16 ' lT^ P T n K ng - 8 miXtUre °t erythr °P° ie,in isoforms havi "9 » Predetermined number of sialic acids per mol- 
cSmma^rS ^ than 1 1 . comprising subjecting material containing erythropoietin to ton exch^e 

17. A method of preparing a mixture of erythropoietin isoforms having a predetermined number of sialic acids per mol- 
Sna ' 9 9rea,ef tha " 11 ' COmprisin9 subject,n 9 a mx&iai erythropoietin to chromato- 

18 ' ISf ^ ° btaininfl a " ery,hr °P° ietin composition having a predetermined number of sialic acids per molecule 
compns.ng preparing a mixture of two or more erythropoietin isoforms prepared according to the metood of Claim 



40 



19 " aci*7e^fec C ufe m WhereinSaid ™* Urewnsistee ^^ 12sialic 

45 2 °' Sc m aXet m'cl i e m cule Wherein ^ ""^ 9S8ertMy * ery1hropoietin is ° fofms "*""9 9. 1 0 and 1 1 

21 " Samper molLto Whefein ^ miXtUrS C ° nSiS,S eSSentially 01 at least *"° iso1orrns tevin 9 greater than 1 1 

50 Sra^pe^m'cfeSle 21 eS8en8a|y * erytnrODOietin isoforms "aving 13 and 14 

23. A method according to Claim 18. for use in a method of increasing hematocrit levels in mammals. 
55 24. A method according to Claim 22. wherein said erythropoietin has the amino acid sequence of human erythropoie- 
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PatentansprOche 



PatentansprOche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

5 1 . Bnejsoiierte biologisch aktive Erythropoietin-lsoform, mit einem einzigen isoelekirischen Punkt und mrt einer spe- 
zrftschen Anzahl von Sialinsauren pro Erythropoietin-MolekOI, wobei besagte Anzahl ausgewShlt ist aus der 
uruppe, die aus 1 bis 14 besteht 

» 2 ' n2! | rythro P°! e,in - ,soform ^ A^^ch 1. wobei besagte Isoform das Produkt der Expression einer exogenen 
10 DNA-Sequenz in einer nicht-menschlichen eukaryontischen Wirtszelle ist 

3. Eine Erythropoietin-lsoform nach Anspruch 1, wobei besagte Isoform Erythropoietin umfaBt. das die Aminosaure- 
sequenz von 1-165- Oder 1-1 66-Human-Erythropoietinaufweist. e- 

is 4. Eine Erythropoietin-lsoform nach Anspruch 1. rrft 14 Sialinsauren pro Erythropoietin-Molekfli. 

5. Eine Erythropoietin-lsoform nach Anspruch 1, mit 13 Sialinsauren pro Erythropoietin-MolekOI. 

6. Eine Erythropoietin-lsoform nach Anspruch 1. mit 10 Sialinsauren pro Erythropoietin-MolekOI. 

20 

7. Eine Erythropoietin-lsoform nach Anspruch 2. wobei besagte eukaryontische Wirtszelle eine CHO-Zelle ist. 

8. Eine pharmazeutische Zusammensetzung. die eine therapeutisch wirksame Menge an besagter Erythropoietin- 
* ^* 1 ^ ^ Pharmazeulisch annehmbares VerdOnnungsmittel. Adjuvanfode^ 

9 ' ^ t usammensetzun 9- <* e im wesentlichen aus zwei Oder drei Erythropoietin- Isoformen nach Anspruch 1 
30 "232 EXT* * ^ im W6SenUiChen " "* weniger als 12 

^^Z^oS^XZ 0 ^ WeS6nUiChen ^ B ^-**« « 9 - 1 ° und 11 

35 

KZS^ * ^ ^ WeSenUiChen ^ ^ropoie^-lsoformen mit mehr a.s 11 
- SlSS^^S^^ * ^ ^ W6Se,rtiChen « ^^rmen m« 13 und 14 

14. Erythropoietin, das im wesentlichen aus biologisch aktiven Erythropoietin-MolekOlen mit einer identischen Anzahl 
besteht ^ ***** beS,eW ' b6Sa9te aussewah,t ist aus der Gruppe die^s " WS14 



45 



15. Erythropoietin nach Anspruch 14. mit 14 Sialinsauren pro Erythropoietin-MolekOI. 

16. Erythropoietin nach Anspruch 14, mit 13 Sialinsauren pro Erythropoietin-MolekOI. 
50 17. Erythropoietin nach Anspruch 14, mit 10 Sialinsauren pro Erythropoietin-MolekOI. 

ia Erythropoietin nach Anspruch 14, wobei besagtes MolekOI das Produkt der Expression einer exogenen DNA- 
Sequenz in einer nicht-menschlichen eukaryontischen Wirtszelle ist exogenen DNA 

55 SnSLt naCh An$PrUCh 13 ' 1)6889,68 Ery,hr °P° ie,in die Aminosauresequenz von Human-Erythro- 

20. Eine ptomazeutische Zusammensetzung. die eine therapeutisch wirksame Menge an Erythropoietin von 
Anspruch 14 und ein pharmazeutisch annehmbares VerdOnnungsmittel. Adjuvans oder Tragermfttel umfaBt. 
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21. Ein Verfahren zur Herstellung einer Erythropoietin-lsoform nach Anspruch 1. welches die Schritte umfaBt da8 ein 
gereinigtes Erythropoietin praparativer isoelektrischer Fokussierung unterzogen wird und eine einzelne Isoform 
aus dem Gel eluiert wird. 

22. Ein Verfahren zur Herstellung einer Mischung von Erythropoietin-feoformen mit einer vorbestimmten Anzahl von 
Sialinsauren pro MolekOI. wobei besagte Anzahl grOBer als 1 1 ist. welches umfaBt daB Material, welches Erythro- 
poietin enthaft, einer lonenauslauschchromatographie unterzogen wird. 

23. Ein Verfahren zur Herstellung einer Mischung von Erythropoietin-lsoformen mit einer vorbestimmten Anzahl von 
Sialinsauren pro MolekOI, wobei besagte Anzahl grOBer als 11 ist. welches umfaBt. daB ein Material, das Erythro- 
poietin enthalt. einer Chromatofbkussierung unterzogen wird. 

24. Die Zusammensetzung nach Anspruch 9 zur Verwendung in einem Verfahren zur ErhOhung der Hamatokritgehalte 
in Saugetieren. 

25. Ein Verfahren zum Erhaften einer Erythropoietin-Zusammensetzung mit einer vorbestimmten Anzahl von Sialin- 
sauren pro MolekOI, welches umfaBt, daB eine Mischung aus zwei Oder mehr Erythropoietin-lsoformen nach 
Anspruch 1 hergestelrt wird. 

26. Das Verfahren nach Anspruch 25, wobei besagte Mischung im wesentlichen aus wenigstens zwei Isoformen mit 
weniger als 1 2 Sialinsauren pro MolekOI besteht. 

27. Das Verfahren nach Anspruch 26, wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen mit 9 
1 0 und 1 1 Sialinsauren pro MolekOI besteht. 

28. Das Verfahren nach Anspruch 25, wobei besagte Mischung im wesentlichen aus wenigstens zwei Isoformen mit 
mehr als 1 1 Sialinsauren pro MolekOI besteht 

29. Das Verfahren nach Anspruch 28. wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen mit 13 
und 1 4 Sialinsauron pro MolekOI besteht 

PatentansprOche fur folgende Vertragsstaaten : ES, GR 

1. Ein Verfahren zur Herstellung einer biologisch aktiven Erythropoietin-lsoform, wobei das Verfahren umfaBt. daB 
eine biologisch aktive Erythropoietin-lsoform mit einem einzigen isoelektrischen Punkt und mit einer spezifischen 
Anzahl von Sialinsauren pro Erythropoietin-MolekOI isoliert wird, wobei besagte Anzahl ausgewahlt ist aus der 
Gruppe, die aus 1 bis 1 4 besteht 

2. Ein Verfahren nach Anspruch 1, wobei besagte Isoform durch die Expression einer exogenen DNA-Sequenz in 
einer nichtmenschlichen eukaryontischen Wirtszelle produziert wird. 

3. Ein Verfahren nach Anspruch 1, wobei besagte Isoform Erythropoietin mit der Aminosauresequenz von 1-165- 
oder 1-1 66-Human-Erythropoietin umfaBt. 

4. Ein Verfahren nach Anspruch 1 , wobei besagte Isoform 14 Sialinsauren pro Erythropoietin-MolekOI aufweist 

5. Ein Verfahren nach Anspruch 1 , wobei besagte Isoform 13 Sialinsauren pro Erythropoietin-MolekOI aufweist. 

6. Ein Verfahren nach Anspruch 1 , wobei besagte Isoform 10 Sialinsauren pro Erythropoietin-MolekOI aufweist. 

7. Ein Verfahren nach Anspruch 2. wobei besagte eukaryontische Wirtszelle eine CHO-Zelle ist 

8. Ein Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei das Verfahren umfaBt, daB eine 
therapeutisch wirksame Menge einer Erythropoietin-lsoform, hergestellt nach Anspruch 1, mit einem pharmazeu- 
tisch annehmbaren VerdOnnungsmittel. Adjuvans oder Tragermittel kombiniert wird 

9. Ein verfahren zur Herstellung von Erythropoietin, wobei das Verfahren im wesentlichen umfaBt. daB biologisch 
aktive Erythropoietin-MolekOle mit einer identischen Anzahl von Sialinsauren pro MolekOI hergestelrt werden 
wobei besagte Anzahl ausgewahlt ist aus der Gruppe, die aus 1 bis 14 besteht. 
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10. Ein Verfahren nach Anspruch 9. in dem es 14 Sialinsauren pro Erythropoietin-MolekOI gibt 

11. Ein Verfahren nach Anspruch 9. in dem es 13 Sialinsauren pro Erythropoietin-Molekul gibt 

12. Ein Verfahren nach Anspruch 9. in dem es 10 Sialinsauren pro Erythropoietin-Molekul gibt 

13. Ein Verfahren nach Anspruch 9, wobei besagtes Molekul produziert wird durch die Expression einer exogenen 
DNA-Sequenz in einer nicht-menschlichen eukaryontischen Wirtszelle. 

14. Ein Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei das Verfahren umfaBt daB eine 
therapeutisch wirksame Menge Erythropoietin, hergestellt nach dem Verfahren von Anspruch 9, mH einem phar- 
mazeutisch annehmbaren Verdunnungsmittel, Adjuvans oder Tragermittel kombiniert wird. 

15. Ein Verfahren zur Herstellung einer Erythropoietin- Isoform nach Anspruch 1 , welches die Schritte umfaBt daB ein 
gereinigtes Erythropoietin einer praparativen isoelektrischen Fokussierung unterzogen und eine einzelne Isoform 
aus dem Gel eluiert wird. 

16. Ein Verfahren zur Herstellung einer Mischung von Erythropoietin- Isoformen mit einer vorbestimmten Anzahl von 
Sialinsauren pro Molekul. wobei besagte Anzahl grOBer als 1 1 ist weiches umfaBt, daB Material, das Erythropoie- 
tin enthatt, einer lonenaustauschchromatographie unterzogen wird. 

17. Ein Verfahren zur Herstellung einer Mischung von Erythropoietin- Isoformen mit einer vorbestimmten Anzahl von 
S.alinsauren pro Molekul, wobei besagte Anzahl grOBer als 1 1 ist. welches umfaBt. daB ein Material das Erythro- 
poietin enthalt, einer Chromatofokussierung unterzogen wird. 

18. Ein Verfahren zum Erharten einer Erythropoietin-Zusammensetzung mit einer vorbestimmten Anzahl von Sialin- 
sauren pro Molekul, welches umfaBt, daB eine Mischung aus zwei oder mehr Erythropoietin-lsoformen, die gemaB 
dem verfahren von Anspruch 1 hergestellt sind, hergestellt wird. 

19. Das Verfahren nach Anspruch 18, wobei besagte Mischung im wesentlichen aus wenigstens zwei Isoformen mit 
weniger als 12 Sialinsauren pro MolekOI besteht. 

20. Das Verfahren nach Anspruch 19, wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen mit 9 
1 0 und 1 1 Sialinsauren pro MolekOI besteht 

21. Das Verfahren nach Anspruch 18, wobei hesagte Mischung im wesentlichen aus wenigstens zwei Isoformen mit 
mehr als 1 1 Sialinsauren pro MolekOI besteht. 

22. Das Verfahren nach Anspruch 21, wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen mit 13 
und 14 Sialinsauren pro MolekOI besteht. 

23. Ein Verfahren nach Anspruch 18, zur Verwendung in einem Verfahren zur ErhGhung der Hamatokritgehafte in Sau- 
getieren. 

24. Ein Verfahren nach Anspruch 22. wobei besagtes Erythropoietin die Aminosauresequenz von Human-Erythroooie- 
tinaufweist 7 ^ 

Revendications 

Revendicatfons pour les Etats contractants suivant : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1. Isofbrme d'erythropoietine isolee biologiquement active, ayant un point isoelectrique unique et ayant un nombre 
sp6crfique decides sialiques par molecule d'erythropoTetine, ledit nombre 6tant choisi dans le groupe compris 
entre 1 a 14. ^ 

2. Isoforme d'6rythropoT6tine selon fa revendication 1, dans laquelle ladite isoforme est le produit de I'expression 
d'une sequence d'ADN exogene dans une cellule h6te eucaryote non-humaine. 

3. Isoforme d , erythropoT6tine selon la revendication 1 , dans laquelle ladite isofbrme comprend de rerythropotetine 
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ayart la sequence rfacides amines de I'erythropoietine humaine 1-165 ou 1-166. 

4. Isoforme d'erythropoietine selon la revendication 1 ayant 14 acides siaiiques par molecule d'erythropoietine. 

5. Isoforme d'erythropoletine selon la revendication 1 ayant 13 acides siaiiques par molecule d'erythropoletine. 

6. Isoforme d'erythropoletine selon la revendication 1 ayant 10 acides siaiiques par molecule d'erythropoietine. 

7. Isoforme d'erythropoletine selon la revendication 2. dans laquelle ladite cellule hole eucaryote est une cellule CHO. 

8. Composition pharmaceutique comprenant une quantite therapeutiquement efficace de ladite isoforme d'erythro- 
poletine de la revendication 1 et un support, adjuvant ou diluant pharmaceutiquement acceptable. 

9. Composition constitute essentiellement de deux ou trois isoformes d'erythropoletine selon la revendication 1 . 

10. Composition selon la revendication 9 constitute essentiellement disoformes tf erythropoletine ayant moins de 12 
acides siaiiques par molecule. 

11. Composition selon la revendication 10 constituee essentiellement disoformes d'erythropoietine ayant 9 10 et 1 1 
so acides siaiiques par molteule d'erythropoietine. 

12. Composition selon la revendication 9 constitute essentiellement d isoformes d'erythropoietine ayant plus de 11 
acides siaiiques par molecule. 

25 13. Composition selon la revendication 12 constituee essentiellement disoformes d'erythropoietine ayant 13 et 14 aci- 
des siaiiques par molteule. 

14. Erythropoletine constituee essentiellement de molecules d'erythropoletine biologiquement actives ayant un nom- 
bre identique d acides siaiiques par molecule, ledit nombre etant choisi dans le groupe compris entre 1 a 14. 
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15. Erythropoletine selon la revendication 14 ayant 14 acides siaiiques par molecule d'erythropoietine. 

16. Erythropoletine selon la revendication 14 ayant 13 acides siaiiques par molecule d'erythropoietine. 

35 17. Erythropoletine selon la revendication 14 ayant 1 0 acides siaiiques par molecule tf erythropoletine. 

18. ^"^^"eselon la revendication 14. dans laquelle ladite molecule est le produit de lexpression d'une 
sequence d ADN exogene dans une cellule note eucaryote non-humaine. 

W 19 ' E Z l H r0 S" e ^ ' a revendica,ion 13 - dans "aquene ladite erythropoletine presente la sequence d'acides ami- 
nes de I erythropoletine humaine. 

20. Composition pharmaceutique comprenant une quantite therapeutiquement efficace d'erythropoietine de la reven- 
dication 14 et un support, adjuvant ou diluant pharmaceutiquement acceptable. 

45 

21 . Precede pour preparer une isoforme d'erythropoletine selon la revendication 1 . comprenant les 6tapes consistent 
a soumettre une erythropoletine purifiee a une concentration istelectrique preparative, et a eiuer une isoforme uni- 
que a partr du gel. 

so 22. Precede de preparation d'un melange disoformes d'erythropoietine ayant un nombre predetermine d'acides siaii- 
ques par molecule, (edit nombre etant sup6rieur a 11. comprenant le fait de soumettre la matiere corrtenant 
I erythropoletine a une chromatographie par echange dlons. 

23. Precede de preparation d'un melange disoformes d'erythropoietine ayant un nombre predetermine d'acides siali- 

?n Par ™ I 6 ' l6dit n0n * re 6tant a 1 1. comprenant le fait de soumettre une matiere contenant de 

I erythropoletine e une concentration chromatographique. 

24. Composition selon la revendication 9 utilisable dans un precede pour augmenter les taux d'h6matocrite chez des 
ma mm rf6res. 



16 



10 



15 



20 



EP 0428 267 B1 

2S " P ° Ur ° b1enir UnC C ° mp0Srti0n rf erythropoietjne ayant un nombre predetermine d'arides sialiques par 

moMcule. comprenan, la preparation d"un melange de deux ou plus isoformes d'erythiopcietine se.on laTerS 

26. Procedede la revendication 25. dans lequel ledit melange est constitue essentiellement dau moinsdeux isoformes 
ayant moms de 1 2 ackJes sialiques par mol6cule. s 

tine ayant 9. 1 0 et 1 1 acides sialiques par molecule. 

28. Precede de la revendication 25. dans lequel ledit melange est constitue essentiellement dau moins deux isoformes 
ayant plus de 1 1 acides sialiques par molecule. raoiormes 

29 " Ht* 5 7f™ ,iC f 0n ^: dans ,eo - uel ledit m6la "9e est constitue essentiellement disoformes d-erythro- 

poietineayart 13 et 14 acides sialiques par rrolecule. 

Revendicatlons pour les Etats contractants sulvant : ES, GR 

1. Precede pour preparer una isoforme d'erythropoietine biologiquement active, lequel precede comprend (-isolation 
dune isoforme d'erythropoleline biologiquement active ayant un point isoelectSque unique et a£nt un nomSe 
qpteftque decides sialiques par molecule d'erythropoletine. ledit nombre etant choisi dans le groupe compris 

2. Proc6de selon la revendication 1 . dans lequel ladite isoforme est produite par ("expression d'une sequence d'ADN 
25 exogene dans une cellule hdte eucaryote non-humaine. sequence omuin 

3 ' ^a21^ S S a HI%^ ti0 ?J• , d f S ,eqUe ' ' adite iSOforme Con,prflnd de '•^ythWne ayant la sequence 
a acides amines de 1 erythropoletine humaine 1 -1 65 ou 1 - 1 66. 

30 4 " SttS 56,00 lareVendiCafi0n 1 - d anslequelladitei S oformepr6sente 14 acides sialiques par molecule d'6rythro- 

5 " St? 561011 13 re/endiCa1i0n 1 ' dans leque ' ladite isoforme P r6serrte 13 acWes sialiques par molecule d'erythro- 

35 

6 ' Se! 56,0,1 ' a W6ndiCati0n 1 ' danS leque ' ,adte feofbrme P r6sente 1 ° abides sialiques par molecule d'erythro- 

w 7 ' Proc6d6 selon la revendication 2. dans lequel ladite cellule hote eucaryote est une cellule CHO. 

8 ' SSt ? ^ 6parati0 " dune composition pharmaceutique. lequel precede comprend la combinaison cfune quan- 

Zt S^^f?™ d Une iS ° forme ^^^tine prepare selon la revendication 1 avec un sup- 
port, adjuvant ou diluant pharmaceutjquement acceptable. 

45 9 " S^-^T- d ' erythr °P° T6tine - leQ . uel P™*» comprend essentiellement la preparation de molecules 
d enrthmpoietme biologiquement actives ayant un nombre identique cfacides sialiques par mol6cule. ledit nombre 
etant choisi dans le groupe compris entre 1 a 1 4. 

^ 10. Precede selon la revendication 9. dans lequel il y a 14 acides sialiques par molecule d'erythropoletjne. 

11. Precede selon la revendication 9. dans lequel il y a 13 acides sialiques par molecule d'erythropoTetne. 

12. Precede selon la revendication 9. dans lequel il y a 10 acides sialiques par molecule d'erythropoletine. 

55 1 *!™SHf n,are T^ 

exogfcne dans une cellule hOte eucaryote non-humaine. 

14 ' d ° PT 6paration d " une composition pharmaceutique. lequel precede comprend la combinaison cfune quan- 

W6 therapeubquement efficace d'erythropoI6tine pr6par6e selon le precede de la revendication 9 avec un support. 
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adjuvant ou diluant pharmaceutiquement acceptable. 



15. Procede de preparation tfune isofbrme d'erythropoTetine selon la revendication 1. comprenant !es Stapes consis- 
tant & soumettre une erythropoTetine purif iee k une concentration isoelectrique preparative, et k eluer une isoforme 
unique a partir du gel. 

16. Procede de preparation d'un melange dlsoformes d'erythropoTetine ayant un nombre predetermine d'acides siali- 
ques par molecule, ledrt nombre etant superieur a 11, comprenant le fait de soumettre la matiere contenant 
I'erythropoT&ine & une chromatographie par echange dlons. 

17. Procede de preparation d'un melange dlsoformes d'erythropoTetine ayant un nombre predetermine d'acides siali- 
ques par molecule, ledit nombre etant superieur £11. comprenant le fait de soumettre une matiere contenant de 
I'erythropoTetine & une concentration chromatographique. 

18. ProcSde pour obtenir une composition d'erythropoTetine ayant un nombre predetermine d'acides sialiques par 
molecule, comprenant la preparation d'un melange de deux ou plusieurs isoformes d'6rythropoT6tine preparees 
selon le procede de la revendication 1 . 

19. Proced6de la revendication 18, dans lequel ledit melange est constitue essentiellement d'au moins deux isoformes 
ayant moins de 1 2 acides sialiques par molecule. 

20. Procede de la revencfication 19, dans lequel ledit melange est constitue essentiellement dlsoformes d'erythropoTe- 
tine ayant 9, 10 et 1 1 acides sialiques par molecule. 

21 . Procede de la revendication 1 8, dans lequel ledit melange est constitue essentiellement d'au moins deux isoformes 
ayant plus de 1 1 acides sialiques par molecule. 

22. Procede selon la revendication 21 , dans lequel ledit melange est constitue essentiellement dlsoformes d'erythro- 
poTetine ayant 13 et 14 acides sialiques par molecule. 

23. Procede selon la revendication 18. utilisable dans un procede pour augmenter les taux d'hematocrite chez des 
mammiferes. 



24. Proced6 selon la revendication 22, dans lequel ladite erythropoTetine presente la sequence d'acides amines de 
PerythropoTeline humaine. 
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